Introduction
The market demand for more power per cylinder and the advent of the electronic engine have led to an increase in engine efficiency and flexibility. This gives rise to a very wide range of potential operating conditions, increasing the demands on the Marine Cylinder Lubricant (MCL) with respect to service temperature and pressure.
At the same time, the drive to optimise operating costs by cutting lubricant feed rates is pushing the built-in safety margin level of the lubricants even her. Finally, recent IMO regulations on the sulphur content of bunker fuel will lead to ships burning bunker fuel of varying sulphur contents and of extremely variable quality. These changes require an in-depth understanding of the interactions between engine operating conditions, type of bunker fuel and the mechanisms by which the cylinder lubricant protects the engine.
The conventional route to generate this in-depth understanding is the monitoring of engines in service and specifically sample and analyse on-or off-line drain oils. This route is progressed as the number of drain oil samples and the experience accumulate. A complementary, more rapid and flexible route was designed so as to simulate in the laboratory the drain oils, that would have an equivalent constitution and macro-properties to that of drain oil sampled in service.
Once the degradation mechanisms would be understood, the underlying objective was to be able to monitor the transformation of MCL along its flow down the liner wall and its degradation into drain oil and to establish a performance profile of the lubricant in use, in terms of thermal stability, neutralisation capacity, and protection from abrasive and corrosive wear. 2 The function of a cylinder lubricant
As with most engine oils, marine cylinder lubricants (MCL) used in 2-stroke marine engines have many functions. First among them is the neutralisation of acids. Sulphur in the fuel reacts with oxygen on combustion to form SO2 gas.
Although most of these gases go into the exhaust, some of them come into contact with water vapour, also formed on combustion or introduced with the inlet air, giving products that can produce sulphuric acid (H2SO4 Given continued pressure to cut cylinder lubricant feed rates, a number of service trials are being monitored to gather significant sets of relevant data and their initial results were presented in an earlier paper ~. With all these service trials, extensive sampling of the drain oil was carried out with off-line analysis, where extra attention was given to the measured values of BN and Fe content. The data and preliminary conclusions presented in the earlier paper highlighted the many issues linked with the analysis of drain oil. As the service trials continue, more drain oil analysis data are collected and the following comments can be made, 3.1 Ingress of system oil in the scavenging air trunk Contamination of the MCL by the system oil can be important, with measured rates as high as 70%. This introduces a major flaw in the overall mass balance and requires re-calculation of the analysis of the drain oil especially in terms of the BN level.
Drain oil inter-cylinder contamination
We have strong indications that drain oil inter-cylinder contamination can occur depending on the specific engine design. This phenomenon can take place within the scavenging air trunk in which drain oil droplets fall down from the bottom part of the liner and can be entrained as a mist due to the high air flow present in this engine area, Depending on specific engine design, mixing of the miss originating from adjacent cylinder units is feasible and results in what is called drain oil inter-cylinder contamination. When occurring this can impact the relevance of the drain oil analysis as a monitoring tool of the specific cylinder unit. We experienced in several cases that the drain oil Fe constant is constant across the engine cylinders, independently of the actual operation of each of the cylinders.
3.3
Drain oil now Flow of drain oil can vary considerably depending on the cleanliness of the draining pipe. This can influence drain oil analysis, depending on the volume collected. It is therefore advisable to calculate contaminants such as Fe in absolute units such as glday rather than in ppmw.
4
Simulation of drain oil in the laboratory Given the previous debate, analysis of actual drain oil and its interpretation require utmost attention to be able to properly monitor the cylinder operation and condition. It is however the only tracer of such in situ performance. A better understanding of the mechanisms by which fresh MCL is degraded into drain oil is required to subsequently define ways in which the lubricant formulation can be optimised with the cylinder operation. These mechanisms will in turn generate the knowledge of the performance profile of the lubricant in use in terms of thermal stability, detergency, neutralisation capacity and wear protection.
The knowledge of this performance profile requires large amounts of drain oils, preferably having a known history and covering a wide range of physico-chemical characteristics. Such samples would require the availability of dedicated engines operating under pre-defined and most probably extreme operating conditions. The unavailability of such a facility motivated the move to use laboratory-made It is expected that either of the 2 previous mechanistic approaches is preferably occurring and its identification will allow to simulate the performance profile of partially degraded MCL at various locations along the liner wall.
Experimental approach
Samples of TALUSIA HR70 were submitted to the ageing procedures depicted in Fig. 2 .
Fig. 2: Reactive mechanistic schemes
The neutralisation process involves mixing concentrated H2Sa4 with the test lubricant.
Several dedicated laboratory tests were applied to determine the performance reserve in the various areas. There are described in the following sections;
5.1.1 Thermal stability This procedure uses the ECBT equipment 6 with a 1 hour procedure under constant splashing. Rating of the Aluminium beaker is carried out after each test with the beaker temperature increasing in 10K steps until a low rating of less than 10 is observed, indicative that the thermal resistance of the lubricant under test is failing.
Neutralisation capacity
This is the BN reserve of the lubricant under test, measured with method ASTM D2896 and expressed in mgKOH/g.
Protection against wear
Of the three main types of wear mechanisms that are usually recognised -abrasive, adhesive and corrosive -corrosion is expected to be the likely predominant wear mechanism in the next generation of engines, whereas adhesive wear will not be significant when good quality lubricants of the right BN level are used at the right feed rate. To the authors' knowledge, only few papers 8, 9 were published about this topic.
The selected scheme presented in Fig. 2 The thermal stability of the lab-simulated drain oil is not as degraded as that obtained with the service drain oil. Together with the detergency that is similar to that of the fresh lubricant whereas that of the service drain oil is much improved, this mechanism does not appear to properly reflect the performance profile typical of service drain oil.
Pre-oxidation followed by neutralisation
A TALUSIA HR70 formulation was pre-oxidised in the ECBT ageing procedure, followed by neutralisation to a level of 20 and 5 mgKOH/g, when performing neutralisation on a pre-oxidised lubricant, the resulting viscosity increase was much larger than anticipated. In order to meet final viscosity target a much weaker oxidation procedure is necessary. • Another ageing method was developed to simulate oxidation occurring in the cylinder unit. Thermal stability of such aged lubricants is strongly deteriorated but resistance to wear is maintained.
The association of the two previous degradation reactions was studied in order to simulate the degradation mechanism of fresh MCL into drain oil sampled in service. The better candidate mechanism is a pre-oxidation followed by neutralisation. Further work is in progress to fully validate this preferred mechanism.
A proper simulation of the transformation of fresh MCL into drain oil will then be used to assess which formulation tools can be applied to optimize cylinder operation, also in the context of the intelligent lubrication concept. 
